
 

 
   

 

        

    

       
   

   

    

     

  

            

     

 

      

   
       
   

    

     

   

       

  
     

     

    

     
       

 
   

 
  

                  

                    

                     

                  

                  

                    

        

 
   

      
    

   

        
      

    

      

 

    

         

     

    

STATE  OF  CALIFORNIA  • D EPARTMENT  OF  TRANSPORTATION  

TECHNICAL  REPORT  DOCUMENTATION  PAGE  
TR0003  (REV  10/98)  

ADA  Notice  
For  individuals  with  sensory  disabilities,  this  document  is  available  in  alternate  

formats.   For  information  call  (916)  654-6410  or  TDD  (916)  654-3880  or  write  
Records  and  Forms  Management,  1120  N  Street,  MS-89,  Sacramento,  CA  95814.  

1. REPORT NUMBER 

CA16-1846 

2. GOVERNMENT ASSOCIATION NUMBER 3. RECIPIENT'S CATALOG NUMBER 

4. TITLE AND SUBTITLE 

Development and Testing of Responder Phase III 
5. REPORT DATE 

June 28, 2017 

6. PERFORMING ORGANIZATION CODE 

AHMCT Research Center, UC Davis 
7. AUTHOR 

Stephen Donecker, Travis Swanston, Kin Yen, Bahram Ravani, and Ty A. Lasky 

8. PERFORMING ORGANIZATION REPORT NO. 

UCD-ARR-15-09-30-05 

9. PERFORMING ORGANIZATION NAME AND ADDRESS 

AHMCT Research Center 
UCD Dept. of Mechanical & Aerospace Engineering 

10. WORK UNIT NUMBER 

Davis, California 95616-5294 11. CONTRACT OR GRANT NUMBER 

IA65A0416, Task 1846 

13. TYPE OF REPORT AND PERIOD COVERED 

Final Report 
June 2013 – September 2015 

12. SPONSORING AGENCY AND ADDRESS 

California Department of Transportation 

P.O. Box 942873, MS #83 
Sacramento, CA 94273-0001 14. SPONSORING AGENCY CODE 

Caltrans 
15. SUPPLEMENTARY NOTES 

16. ABSTRACT 

This report documents the research project “Development and Testing of Responder Phase III.” Under previous research, a Responder 

system has been developed to provide relevant and timely information to first responders, allow responders to provide information on the 

scene and incident to others in the organization, and support reliable and always available communications. The primary goal of the current 

project was to migrate the Responder system to the latest computing and communications technologies, including smartphone and tablet 

systems. The project includes review of previous phase efforts, updating of requirements, review of commercial systems, design and 

development of Phase III Responder system, and testing and reporting. The research product will provide Caltrans with a more field-ready 

system to support first responders in rural environments. 

17. KEY WORDS 

First response, Highway maintenance, emergency response, 
first responder, incident management 

18. DISTRIBUTION STATEMENT 

No restrictions. This document is available to the 
public through the National Technical Information 
Service, Springfield, Virginia 22161. 

19. SECURITY CLASSIFICATION (of this report) 

Unclassified 

20. NUMBER OF PAGES 

118 

21. COST OF REPORT CHARGED 

Reproduction of completed page authorized 



 

 
 

            
           

              
           

            
   

                 
                

             
           

                
               

  

             
                 

            
         

DISCLAIMER  

The research reported herein was performed by the Advanced Highway Maintenance and 
Construction Technology (AHMCT) Research Center, within the Department of Mechanical and 
Aerospace Engineering at the University of California – Davis, for the Division of Research, 
Innovation and System Information (DRISI) at the California Department of Transportation. 
AHMCT and DRISI work collaboratively to complete valuable research for the California 
Department of Transportation. 

The contents of this report reflect the views of the author(s) who is (are) responsible for the 
facts and the accuracy of the data presented herein. The contents do not necessarily reflect the 
official views or policies of the STATE OF CALIFORNIA or the FEDERAL HIGHWAY 
ADMINISTRATION. This report does not constitute a standard, specification, or regulation. 

The contents of this report do not necessarily reflect the official views or policies of the 
University of California. This report does not constitute an endorsement of any products or services 
described herein. 

For individuals with sensory disabilities, this document is available in Braille, large print, 
audiocassette, or compact disk. To obtain a copy of this document in one of these alternate formats, 
please contact: the Division of Research, Innovation and System Information, MS-83, California 
Department of Transportation, P.O. Box 942873, Sacramento, CA 94273-0001. 



 

 
   

   
  

 

      

     

 
 

 
 

       

 

 
         

     
 

   

    

       

 

   

 
 
 
 
 
 
 

    
 

       
  

Advanced Highway Maintenance
 
and Construction Technology
 

Research Center
 

Department of Mechanical and Aerospace Engineering
 

University of California at Davis
 

Development and Testing of Responder Phase III 

Stephen Donecker, Travis Swanston, Kin Yen, Bahram Ravani &  
Ty A. Lasky (Principal Investigator)  

Report Number: CA16-1846  

AHMCT Research Report: UCD-ARR-15-09-30-05  

Final Report of Contract: IA65A0416, Task 1846  

June 28, 2017  

California Department of Transportation
 

Division of Research, Innovation and System Information 



       

 
 

 

           
              

              
             

               
           
             

             
              

     

Development and Testing of Responder Phase III 

ABSTRACT  

This report documents the research project “Development and Testing of Responder 
Phase III.” Under previous research, a Responder system has been developed to provide relevant 
and timely information to first responders, allow responders to provide information on the scene 
and incident to others in the organization, and support reliable and always available 
communications. The primary goal of the current project was to migrate the Responder system to 
the latest computing and communications technologies, including smartphone and tablet systems. 
The project includes review of previous phase efforts, updating of requirements, review of 
commercial systems, design and development of Phase III Responder system, and testing and 
reporting. The research product will provide Caltrans with a more field-ready system to support 
first responders in rural environments. 
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Development and Testing of Responder Phase III 

Responder Truck Architecture 

The Responder truck software architecture is presented in Figure 4.1. 

Figure 4.1: Responder in-vehicle software architecture 

The interface between the in-vehicle system and the HMI is via long-range Wi-Fi. Multiple 
responders can be supported, allowing significant flexibility in how Caltrans decides to manage 
its incidents. 
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Development and Testing of Responder Phase III 

shown in Figure 5.1. The tiles are designed and rendered from OpenStreetMap17 (OSM) data, and 
include county boundaries, highway exit numbers, and CHP dispatch boundaries and labels. 

Figure 5.1: Caltrans Intelligent Roadway Information System (IRIS) map tiles are the basis 

for the Responder road map 

The aerial photos and the DHIPP aerial photos were provided by Caltrans DRISI, specifically 
from Transportation System Information (TSI). These tiles may need more frequent updating than 
other Responder tiles. 

The topographic tiles were developed and rendered by AHMCT, leveraging tool chains and 
methodologies developed under the IRIS research effort, coupled with significant advancements 
in AHMCT technology to develop and render 3-dimensional (3D) contoured and shaded 
topographic map tiles. The tiles were developed and rendered using the toolchain consisting of 

17 https://www.openstreetmap.org/ 
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GDAL18 (Geospatial Data Abstraction Library), ImageMagick,19 and Mapnik.20 The primary 
source for the topographic data was the National Elevation Dataset (NED)21 from the United States 
Geological Survey (USGS). However, many other datasets and shape files were sourced from 
various government agencies. A sample of the Responder topographic map is shown in Figure 5.2. 

Figure 5.2: Responder topographic map 

Communications Arbiter 

The Communications Arbiter supports interfaces to Wi-Fi, cellular modems, satellite modems, 
and any other current or future Transmission Control Protocol / Internet Protocol-based (TCP/IP-
based) network modem with minimal configuration. As designed, the Responder implementation 
includes a Wi-Fi interface, a cellular communications modem with Verizon service, and a 
Broadband Global Area Network (BGAN) satellite communications modem and antenna. As 
discussed in Appendix C, based on AHMCT’s extensive route surveys of cellular signal strength 
from T-Mobile, AT&T, and Verizon Wireless, it was clearly determined that cellular data service 
in rural districts is best provided by Verizon Wireless. In almost all cases, Verizon coverage is a 
superset of AT&T and T-Mobile coverage areas. The Communications Arbiter was designed and 

18 http://www.gdal.org/ 
19 http://www.imagemagick.org/ 
20 http://mapnik.org/ 
21 http://nationalmap.gov/elevation.html 
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Navigation Drawer  

Figure 5.3: Responder app navigation drawer, top and bottom portions 

The navigation drawer is a simple menu providing access to the app’s other screens. The menu, 
as shown in Figure 5.3, includes Reports, Map, Gallery, Mail, Roadway, and Weather. This menu 
is available anywhere in the application by either swiping from the left side of the screen towards 
the center, or by clicking on the application icon (a.k.a. “the hamburger”, three horizontal lines) in 
the upper-left corner of the screen. We found that a navigation drawer is the best choice for an app 
such as Responder, i.e. one with many functional views. 

Reports Screen 

The Reports screen provides a list of existing incident reports, identified by date and time 
(creation as well as last update), location (county/route/postmile), user, and organization. The user 
can select any existing incident report on the list in order to make changes or additions to that 
incident report. The user adds a new incident report by clicking the plus (+) sign in the lower-right 
corner of the screen. The Reports menu also supports sorting by user name, organization, location, 
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